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CHAPTER 1: INTRODUCTION 
Orthostatic hypotension caused by orthostatic intolerance is a problem frequently 
faced by astronauts when they return from the weightless environment. Orthostatic 
hypotension also may affect healthy individuals when arising from bed or standing in the 
heat. During an orthostatic challenge, gravity pulls fluids to the distensible vessels and 
interstitial tissue of the lower limbs causing central hypovolemia and lowering arterial blood 
pressure. Usually, this fall in arterial pressure is mitigated by cardiovascular reflexes that 
produce compensatory increases in heart rate, cardiac contractility, and vasoconstriction 
(Levine, 1993; Rowell, 1993). Orthostatic intolerance occurs when cardiovascular reflexes 
are unable to maintain arterial pressure ( orthostatic hypo tension) for adequate cerebral blood 
perfusion, finally leading to syncope (Convertino, 1984). 
While tolerance to orthostatic stress varies considerably between individuals, many 
researchers (Convertino, 1998; Hogan et al., 1995; Montgomery et al., 1977; Water et al., 
1999; White et al., 1996) have found that women usually have lower orthostatic tolerance 
than men. The mechanisms responsible for this gender difference remain unclear. Some 
previous studies attributed this difference to physiological factors. The most cited 
suggestion is that there exist gender differences in the control mechanisms regulating blood 
pressure during orthostatic challenge. It appears that women have a lower sensitivity and/or 
density of peripheral vascular a- and~- adrenergic receptors (Abdel-Rahman et al., 1994; 
Convertino, 1998; Freeman et al., 1987; Girdler et al. 1993; Laitinen et al., 1998), and 
lower plasma norepinephrine (Convertino, 1998) during orthostatic stress than men. 
Furthermore, some studies demonstrated that women responded to orthostatic stress with a 
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greater heart rate and less vasoconstriction compared to men (Frey et al., 1986 & 1988; 
Hogan et al., 1995; Hudson et al., 1987; Montgomery et al. , 1977). Therefore, a hypothesis 
has been suggested that women respond to orthostatic stress more through vagal 
withdrawal while men do so via a greater increase in sympathetically mediated 
vasoconstriction (Convertino, 1998; Water et al., 1999; White et al., 1996). In addition, 
lesser limb compliance (Frey et al., 1986; Gotshall et al., 1991; White et al., 1996) and 
blood volume (Murray et al., 1968) in women compared to men were considered to 
underlie the lower orthostatic tolerance of women. 
However, few studies have considered the potential effects of physical factors on 
orthostatic tolerance. While orthostatic tolerance may vary with age and physical activity 
(Davis et al., 1995; Frey et al., 1987; Frey et al., 1994), whether body size influences 
orthostatic tolerance is not completely clear. Body size itself may affect orthostatic 
tolerance. It has been reported that height has an inverse relationship with orthostatic 
tolerance (Ludwig et al. , 1987 & 1994). Also body size may affect orthostatic tolerance 
indirectly by controlling circulating blood volume (Ludwig et al., 1994). The only study to 
evaluate orthostatic tolerance in size-matched men and women found that gender 
differences in orthostatic tolerance were due to body size rather than physiological 
differences related to gender (Lee et al. , 1999). 
In previous studies, male subjects consistently have been taller and heavier than their 
female counterparts (Montgomery et al., 1977; White et al., 1996), so it is not clear whether 
gender difference in orthostatic tolerance is due to intrinsic gender differences, body size 
differences, or both. The goal of the present study was to determine if and how body size 
influences orthostatic tolerance with and without consideration of gender. 
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Statement of the problem 
Cardiovascular responses to orthostatic stress appear to differ between women and 
men. Gender differences in tolerance to orthostatic challenges may be due to physiological 
factors, body size differences, or both. Therefore, the purpose of this study was to explore 
the effect of body size on orthostatic tolerance. 
Hypothesis 
Subjects with larger body size have greater orthostatic tolerance than physically 
smaller subjects. 
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CHAPTER 2: REVIEW OF LITERATURE 
This review mainly provides information on research related to the hemodynamic 
responses to orthostatic stress in both males and females, as well as the potential mechanisms 
underlying gender differences in orthostatic tolerance. Baroreceptor function and 
cardiovascular responses to baroreceptor unloading are reviewed. Cardiovascular responses 
to different degrees of orthostatic stress are also examined. 
Baroreceptors and their function in blood pressure regulation 
The baroreflexes play a critical role in the neurohumoral control of blood pressure 
regulation. The baroreflex works mainly through baroreceptors, a kind of stretch receptor that 
is sensitive to blood pressure. The baroreceptor reflex influences cardiac output (CO) and 
peripheral resistance to prevent large changes in blood flow and maintain normal blood 
pressure. When blood pressure rises, baroreceptors, activated by vessel deformation, send 
neural signals to the cardiovascular control center. As the cardiovascular control center 
receives the signals, they send ' feedback' signals to the circulatory system via withdrawal of 
sympathetic nervous tone to return blood pressure toward normal. Conversely, low pressure 
has an opposite effect, causing increased sympathetic output, which raises blood pressure 
toward normal (Sagawa, 1983). Two main types of baroreceptors are the cardiopulmonary 
and arterial baroreceptors. 
Abundant in the walls of the internal carotid arteries and aortic arch, arterial 
baroreceptors are classified into carotid sinus and aortic arch baroreceptors. They mainly 
monitor changes in arterial pressure within carotid sinus and ascending aorta. The firing rate 
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of these baroreceptors are increased by an elevated blood pressure and decreased by a reduced 
blood pressure. The cardiovascular control center then alters autonomic activity as previously 
described to maintain blood pressure. The cardiovascular adjustments mainly include changes 
in heart rate (HR), myocardial contractility, and splanchnic circulation (Mancia et al. , 1983). 
However, arterial baroreceptors have a minor influence on the control of peripheral vascular 
circulation in humans and have little effect on the adjustment of peripheral resistance (Mancia 
et al., 1983; Rowell, 1993). Cardiopulmonary or low-pressure baroreceptors are a group of 
mechanoreceptors in the ventricles and pulmonary vessels (Rowell, 1993). They detect the 
changes in blood volume in cardiopulmonary regions. Stimulation of cardiopulmonary 
baroreceptors elicits changes in peripheral resistance including forearm resistance (Zoller, 
1972). They have a limited influence on cardiac activity and splanchnic vasoconstriction 
(Mark et al., 1983; Rowell, 1993). 
Cardiovascular responses to baroreceptor unloading 
The baroreceptor and hemodynamic responses to orthostatic stress have been well 
documented. Venous pooling of blood in the legs reduces circulating blood volume and 
decreases cardiac filling pressure, thus lessening stroke volume (SV), CO, and finally leading 
to low blood pressure (Levine, 1993; Rowell, 1993). During orthostatic challenge, blood 
pressure is maintained by the complex interaction of neural and humoral mechanisms. First, 
the baroreceptor reflexes make an initial adjustment to orthostatic stress (Rowell, 1993). 
Central hypovolemia and low arterial blood pressure caused by orthostatic stress inhibit both 
cardiopulmonary and arterial baroreceptors. This is called baroreceptor unloading (Abboud et 
al. , 1983; Mark et al. , 1983; Mancia et al., 1983; Rowell, 1993; Sagawa, 1983). 
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As discussed above, arterial baroreceptors respond to unloading by increasing cardiac 
sympathetic activity (Mancia et al., 1983; Rowell, 1993; Sagawa, 1983) and constriction of 
splanchnic vessels (Abboud et al., 1979; Mancia et al., 1983; Rowell, 1993), whereas, the 
cardiopulmonary baroreceptor reflex controls blood pressure most likely through peripheral 
vasoconstriction (Mark et al., 1983; Rowell, 1993). Second, neural-humoral adiustments to 
orthostatic stress are involved with long-term control of blood pressure. The adrenal medulla 
releases norepinephrine (NE) and epinephrine (Epi) into the blood stream in response to 
increased sympathetic neural activity caused by baroreceptor unloading. Epi, which 
comprises about 80 percent of the secretion of the total catecholamines released from the 
adrenal medulla into bloodstream, acts on J31- adrenergic receptors in the heart and increases 
the activation of the heart, including heart rate (HR) and contractile force (Rowell, 1993). 
Also Epi causes veins to constrict, which forces blood out of the veins toward the heart, thus 
increasing CO (Rowell, 1993). NE constricts the blood vessels in skeletal muscle via a 
receptors to increase central circulating blood volume. In addition, other hormones, such as 
Angiotension II (a strong vasoconstrictor) and antidiuretic hormone (increase water 
reabsorption and vasoconstriction), are important for regulation of blood pressure and 
volume (Rowell, 1993). 
Cardiovascular responses to lower body negative pressure (LBNP) 
Many techniques have been used to study physiological control mechanisms during 
orthostatic stress, such as lower body negative pressure (LBNP), head-up tilt, and quiet 
standing. Among them, LBNP has become prevalent for its several advantages (Mark et al., 
1983; Lightfoot et al., 1995). First, the suction chamber is simple and inexpensive. Second, 
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the amount of circulatory stress induced can be finely adjusted. Third, the subject and 
equipment can remain in the horizontal plane throughout the experiment, therefore 
gravitational and hydrostatic effects are eliminated. Finally, the suction can be terminated 
quickly and pressure instantly reversed. These features facilitate studies, promote safety, and 
provide the opportunity to examine the response to a rapid increase in venous return at the 
end of suction. 
LBNP was introduced in the 1960s to assess the circulatory responses to simulated 
gravitational shifts of blood in humans (Mark et al., 1983). Orthostatic compromise caused 
by LBNP varies with the degree of negative pressure. In general, LBNP to -20 mmHg can 
unload cardiopulmonary receptors through reductions in central blood volume and central 
venous pressure. As a result of the cardiopulmonary baroreceptor reflex, peripheral vascular 
resistance increases and forearm blood flow decreases primarily by redistribution of blood 
flow away from skin and skeletal muscle (Mark et al. , 1983; Johnson et al. , 1974; Zoller et 
al., 1972). Simultaneously, cardiac-filling pressure decreases without detectable changes in 
arterial pulse pressure, mean pressure, or HR (Mark et al. , 1983). When LBNP is increased to 
~-40 mmHg, reductions in arterial pressure and aortic pulse pressure caused by the 
progressive fall in central venous and right atrial pressure unload arterial baroreceptors, thus 
reflexly causing marked splanchnic vasoconstriction and tachycardia (Abboud et al. , 1979; 
Gotshall et al., 1999; Johnson et al. , 1974; Zoller et al. , 1972). Blood pressure still is 
maintained within the normal range by these cardiovascular reflexes. When LBNP is further 
increased to the point of presyncope (discussed later) , blood pressure falls dramatically. This 
can result in cardiovascular decompensation and syncope (Convertino, 1998; Hudson et al. , 
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1987; Levine, 1993; White et al., 1996). Circulating catecholamines such as NE and Epi, as 
well as renin in plasma also increase with LBNP (Evans et al., 1999). 
Gender differences in response to submaximal LBNP 
and other forms of orthostatic stress 
In an earlier study with men, Stevens and Lamb (1965) reported a significant increase 
in HR and peripheral resistance, and decrease in cardiac output (CO) with submaximal 
LBNP. Other studies also showed similar findings (Graboys et al., 1974; Johnson et al., 
1974; Raven et al., 1984). Research concerning the response of women to submaximal LBNP 
demonstrated that women have similar responses to the men (Frey et al., 1986 & 1988; 
Hudson et al., 1987; Rahman et al., 1991). Frey et al. (1986) tested 20 women for their 
responses to graded LBNP up to - 50 mmHg. Heart rate of all subjects became significantly 
elevated at all levels of LBNP, averaging 143% of baseline at -50 mmHg. Total peripheral 
resistance (TPR) increased throughout the period of LBNP. Even though stroke volume (SV) 
fell to 50% of baseline at - 50mmHg, mean arterial pressure (MAP) was still maintained 
within the normal range. Therefore, it appears that women and men have similar net capacity 
to respond to submaximal LBNP. Both women and men maintain blood pressure homeostasis 
by the adjustment of cardiac (HR) and vascular (TPR) activity at submaximal LBNP. 
However, it remains in dispute whether men and women respond to orthostatic stress equally 
in these two ways. 
With submaximal LBNP, it has been observed that women generally have smaller 
increases in total peripheral resistance (Frey and Hoffler, 1988) and a greater chronotropic 
response (Frey and Hoffler, 1988; Montgomery et al., 1977), whereas men have enhanced 
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vascular reactivity. In an earlier study on gender difference in cardiovascular responses to 
LBNP (Montgomery, 1977), heart rate increased in all subjects (6 men and 4 women) in 
response to LBNP, but the rate varied by LBNP and gender. While women exhibited higher 
resting HR than men, they showed a greater increase in HR at all levels of LBNP (14.5% vs. 
8.7% at - 20 mmHg, 48.5% vs. 28.0 % at - 40 mmHg, 67.0% vs. 62.6% at -60 mmHg). 
Another study of 29 men and 21 women using LBNP to -50 mmHg (Frey and Hoffler, 1988) 
showed increases of 32% in TPR and 34% in HR for women, but increases of 80% in TPR 
and 26% in HR for men. Studies using other types of orthostatic stress have provided similar 
findings. In a standing test, men had a significantly higher increase in total peripheral 
resistance (77% vs. 34%) than women (Gotshall et al., 1991). A study employing tilt testing 
demonstrated an increase in diastolic blood pressure (DBP) of only 4.3% in women 
compared to 15.2% in men. Although TPR was not measured in this study, the increased 
DBP was believed to have resulted from an increase in peripheral resistance (Schondorf et 
al., 1992). 
Yet, several studies have failed to support the suggestion that women respond to 
orthostatic stress differently from men based on HR and TPR assessment (Lee et al., 1999, 
Rahman et al, 1991 , White et al., 1996). Rahman (1991) obtained similar responses in TPR in 
both women and men exposed to submaximal LBNP (up to -30 mmHg). No gender 
difference was found in the change of forearm blood flow (FBF) during all levels of LBNP. 
While the absolute values of HR in women were significantly higher than men due to a 
gender difference in baseline HR, changes in HR were similar for both men and women at all 
levels of submaximal LBNP. Moreover, in contrast to earlier studies, Convertino (1998) 
reported greater vasoconstriction in women than men under equal LBNP. 
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Gender difference in orthostatic tolerance 
To determine orthostatic tolerance, the point of maximal orthostatic stress must be 
determined in each subject. Maximal orthostatic stress is defined as the point of presyncope, 
or when cardiovascular decompensation begins. Thus, orthostatic tolerance is determined by 
increasing the level of orthostatic stress to the maximal level (Lightfoot et al., 1995). 
Symptoms of presyncope include tachycardia, a sudden decrease in blood pressure, dizziness, 
nausea, and seeing "spots" (Montgomery et al., 1977). 
Several studies have been conducted to evaluate the influence of gender on maximal 
orthostatic stress responses. While some studies reported that women have similar orthostatic 
tolerance as men (Frey et al., 1986; Lightfoot et al., 1995; Rahman et al., 1991), or even 
higher tolerance than men (Hudson et al., 1987), most studies on gender differences in 
orthostatic tolerance have shown a lower orthostatic tolerance in women compared to men 
(Convertino, 1998; Hogan et al., 1995; Ludwig et al., 1987; Montgomery, 1977; Water et al., 
1999; White et al., 1996). In one study using passive upright tilt, all 5 men but only 2 of 5 
women subjects completed the entire test (Water et al., 1999). In a study using LBNP 
(Montgomery, 1977), all male subjects completed a test to -60 mmHg (the maximum for this 
study) while 10of12 women were unable to tolerate this degree of LBNP. Others observed 
that women usually tolerated LBNP to - 60 mmHg or so but men tolerated up to - 80 mmHg 
or more (Hogan et al., 1995, White et al., 1996). Women had 35% - 62% less tolerance than 
men (Convertino, 1998, Hogan et al., 1995). 
Since both genders have similar cardiovascular responses to submaximal orthostatic 
stress, it appears that gender differences in the mechanisms used to maintain blood pressure 
become evident only at higher levels of LBNP. 
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Potential mechanisms responsible for the gender 
difference in orthostatic tolerance 
Although it is generally accepted that women have lower orthostatic tolerance than 
men, the mechanisms underlying this gender difference remain unclear. Based on previous 
studies, several suggestions have been proposed: 
1. Physiological factors. 
Most previous studies have focused on physiological differences between men and 
women. It has been suggested that women may have attenuated responsiveness in 
mechanisms that underlie blood pressure regulation under orthostatic challenge relative to 
men (Convertino, 1998). These mechanisms may include functions of arterial baroreflex 
control of HR, cardiopulmonary baroreflex control of vascular resistance, adrenoreceptor 
responsiveness, and neuroendocrine responsiveness. 
Baroreceptor-mediated tachycardia provides a means to buffer transient changes in 
arterial pressure. Reduced baroreflex sensitivity would require a larger change in blood 
pressure to elicit a given autonomic response. With i1.HR/ i1.SBP as an index of arterial 
baroreceptor sensitivity, Laitinen and colleagues (1998) found carotid cardiac baroreflex 
sensitivity (BRS) was significantly higher in men than in women (15.0± 1.2 vs. 10.2 ± 1.1 
ms/mmHg, respectively; p< 0.01). A study by Abdel-Rahman (1994) also demonstrated that 
the baroreflex sensitivity of females was only 50% of males. However, some studies have 
shown that women have a greater increase in HR and lower increase in peripheral resistance 
compared to men in submaximal LBNP (Frey and Hoffler, 1988; Montgomery et al., 1977). 
So, the hypothesis has been suggested that the increase in HR observed in women is 
associated with decreased vagal activity rather than with sympathetic activation (Frey et al., 
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1988). This hypothesis was supported recently by the observation of lower plasma NE during 
orthostatic stress in women compared to men (Convertino, 1998). In addition, the increased 
HR in women during orthostatic stress may be associated with high ~1 - adrenoreceptor 
responsiveness in the heart (Convertino, 1998). Therefore, it appears that vagal withdrawal is 
the first line of defense for women during the mild stresses, whereas sympathetic stimulation 
to the vasculature is the primary response for men. 
The lower vascular responsiveness in women compared to men is associated with 
reduced sensitivity of cardiopulmonary baroreceptors and responsiveness of adrenergic 
receptors in vasculature, as well as the quantity of neurotransmitters released. So far, few 
studies have been conducted to compare sensitivity of cardiopulmonary baroreceptors 
between women and men (Convertino, 1998). In a study of gender differences in peripheral 
vascular responses (Freeman et al., 1987) women showed little change in vascular reactivity 
(vasoconstriction and vasodilatation) when infused with a- and ~-adrenergic agonists 
compared to men. It was concluded that women have lower sensitivity and/or density of 
peripheral vascular adrenergic receptors than men. Also, it has been reported that women 
demonstrated a lesser increase in plasma NE during orthostatic stress (Convertino, 1998), 
which suggests that the neuronal release of catecholamine was attenuated in women. 
Since the capacity to increase total systemic peripheral resistance represents an 
important mechanism for buffering against the development of hypotension during an 
orthostatic challenge, lesser sympathetically mediated vasoconstriction in women make them 
have lower orthostatic tolerance compared to men. 
Yet, several studies show no significant differences in the change of HR and TPR 
between men and women during orthostatic stress (Lee et al., 1999, White et al., 1996). 
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Furthermore, one recent investigation (Convertino, 1998) even found that women have 
higher cardiopulmonary baroreceptor sensitivity than men under equal LBNP. Thus, gender 
difference in orthostatic tolerance may be associated with other mechanisms such as pre-
LBNP cardiac output (CO) and circulating blood volume (Convertino, 1998). 
2. Anatomical factors. 
Circulating blood volume plays an important role in any physiological adaptation. 
Reduced blood volume decreases filling pressures and shifts the Frank-Starling curve to the 
steep portion. Thus, capacity to buffer orthostatic reductions in central blood volume is 
limited (Levine, 1993). Reduced plasma volume has been associated with lower orthostatic 
tolerance in the setting of LBNP (Convertino et al., 1990, Ludwig et al., 1994, Murray et al., 
1968), space flight (Bungo et al., 1985), and after dehydration (Luft et al., 1978). It has been 
confirmed that physically smaller women have less plasma volume than larger men in the 
studies related to the gender difference in orthostatic tolerance (Convertino et al., 1990, 
Ludwig et al., 1994). One study (Gotshall 1998) that assessed circulating blood volume and 
the volume available for filling of the left ventricle through pulmonary capillary blood 
volume (Ve) showed that Ve during supine rest was greater for physically bigger men ( 131 ± 8 
ml) than for women (92.7± 7ml). While the percentage change in Ve with LBNP was the 
same for each gender at each stage ofLBNP, the absolute value of Ve in women was much 
less than men during all the levels of LBNP. This is consistent with the observation that 
women reach presyncope more easily than men. In addition, the findings of greater increase 
in thoracic impedance and greater fall in CO also support the idea that physically smaller 
women have less circulating blood volume during orthostatic tolerance (Convertino, 1998). 
Moreover, this idea is confirmed indirectly by the observation that women demonstrated 
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substantially greater vasoconstriction at similar levels of LBNP compared with the men 
(Convertino, 1998). 
It was speculated that differences in leg vascular compliance secondary to 
differences in muscle mass might contribute to the different responses between men and 
women (Frey et al., 1988; Gotshall et al., 1991; White et al., 1996). However, leg muscle 
mass was found to have no significant effect on tolerance to LBNP (Lawler et al., 1998). 
Moreover, men have larger leg compliance than women during orthostatic stress, while 
women have lower venous return (Convertino, 1998). This has been explained by greater 
sequestration of blood in the abdominal region in women during orthostatic stress. Pelvic 
blood pooling has been as much as six-fold greater in women compared with men at equal 
LBNP (White et al., 1996). The mechanisms responsible for lower venous return with more 
pelvic blood pooling in women during LBNP are not clear. Maybe it is associated with a 
gender difference in splanchnic vasoconstriction. In addition, one researcher had suggested 
that the uterus could reduce venous return during LBNP in women (Montgomery et al. , 
1977). 
3. Physical size 
Physical size was not evaluated in many previous studies. In most reports, the male 
groups were physically larger than the female groups (68-85Kg and 179-182cm vs. 55-61Kg 
and 162-169cm respectively). The body size difference between genders in these studies is 
significant. Therefore, it is reasonable to suggest that this gender difference in body size may 
contribute to the gender difference in orthostatic tolerance. 
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Body size may affect orthostatic tolerance by itself. It has been reported that tall men 
have less orthostatic tolerance than short men (Ludwig et al., 1987). There is an inverse 
relationship between height and orthostatic tolerance (r = -0.586) (Ludwig et al., 1994). 
As discussed previously, adequate central circulating blood volume is primarily 
important to maintain blood pressure during orthostatic challenge. Since plasma volume has 
a positive relationship with height and weight (Moore FD et al., 1963), physically smaller 
women have less blood volume than men (Convertino et al., 1990, Ludwig et al., 1994). Thus 
body size also influences orthostatic tolerance indirectly through plasma volume. 
Therefore, it appears that physical size may affect orthostatic tolerance directly and 
indirectly. Based on a study with 14 male subjects, Ludwig (1994) reported that physical 
factors (height and blood volume) rather than physiological reflex mechanisms were 
dominant in contributing to the orthostatic tolerance. 
However, some research has shown no significant relationship between physical size 
and orthostatic tolerance. Based on an analysis on 6 studies (119 subjects), Lightfoot found 
that LBNP tolerance was not related to height, weight, age, or physical activity (Lightfoot, 
1995). The only study that considered both gender and body size showed no significant 
difference in the response to submaximal LBNP between size-matched pairs of men and 
women (Lee et al., 1999). However, no gender difference in orthostatic tolerance was 
assessed in this study. Thus more investigation is needed to understand if physical factors 
influence orthostatic tolerance. 
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4. Methodological issues in previous studies 
Some of the reported gender difference in orthostatic tolerance may be related to 
problems associated with the research methods employed. First, in previous studies, different 
forms of orthostatic stress have been used without evaluating the difference in how the stress 
is imposed. For example, there may be vestibular contributions to the response during tilt and 
stand tests that are absent with LBNP. Second, a possible factor affecting the response to 
LBNP is the level of LBNP imposed. In many studies, data have been analyzed relative to the 
absolute LBNP level at which they were collected. The conclusion of a gender difference in 
cardiovascular responses mainly came from criteria at a given absolute level of orthostatic 
stress for both genders. However, this method leads to an uneven number of samples at each 
point when cardiovascu~ar responses are analyzed, especially at high LBNP levels, thus 
increasing the potential for erroneous data interpretation (Lightfoot and Tsintgaras, 1995). 
Therefore, the use of a relative measure of LBNP tolerance (% of max LBNP) was 
introduced to eliminate data analysis artifact, and to further strengthen and simplify data 
analysis and interpretation (Lightfoot and Tsintgaras, 1995). In addition, previous studies 
used the cumulative stress index (CSI) to assess orthostatic tolerance. But CSI is curvilinear 
and may misrepresent tolerance at high levels of LBNP. The LBNP tolerance index (LTI) is a 
linear function of LBNP level and can evaluate tolerance uniformly (Lightfoot and 
Tsintgaras, 1995). Finally, few previous studies reporting gender difference in orthostatic 
tolerance have controlled for the effects of the menstrual cycle. While some studies (Frey et 
al., 1986, Rahman et al. , 1991) showed that the menstrual cycle had no effect on 
hemodynamic responses to LBNP, it does alter sympathetic outflow and sympathetic 
baroreflex sensitivity (Minson et al. , 2000). 
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In summary, there appears to be a difference in orthostatic tolerance between men and 
women. This difference may be related to intrinsically gender-related differences or a 
physical size difference. Although many studies attributed this difference to gender-related 
differences, body size may also play an important role in orthostatic tolerance. In previous 
studies that reported women to have a lower orthostatic tolerance than men, the body size of 
male groups was significantly larger than that of female groups. Therefore, research needs to 
be done to explore the effects of body size on orthostatic tolerance with and without 
consideration of gender and to assess orthostatic tolerance with the LBNP tolerance index. 
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CHAPTER 3: METHODS 
Subjects 
Forty-six healthy, normotensive subjects (22 men and 24 women) participated in this 
study. All subjects gave written consent to participate in this study. Prior to testing and 
subject recruitment, the study was approved by The Human Subjects Review Committee of 
Iowa State University. 
Measurement of physical characteristics 
Prior to data collection, the physical characteristics of each subject were determined. 
These included height (cm), weight (kg), body fat(%), and estimated V02max· Body fat was 
determined using the sum of three skin-fold sites (Jackson and Pollock, 1985). Body mass 
index (BMI) (Kg/m2) was calculated as body weight I height2. Body surface area (BSA) (m2) 
was calculated by the formula: BSA (m2) =(weight Kg) 0.425 x (Height cm)0·725 x 0.007184 
(DuBois, 1916). Each subject completed a questionnaire to estimate physical activity. An 
estimate of V02 max (ml/Kg/min) was obtained from a multiple regression prediction equation 
using the score on the physical activity scale (Jackson, Blair, Ross, and Stuteville, 1990). 
Measurement of cardiovascular responses 
Measurements of cardiovascular responses used in this study included systolic blood 
pressure (SBP), diastolic blood pressure (DBP), stroke volume (SV), cardiac output (CO), 
heart rate (HR), and forearm blood flow (FBF). BP and HR were assessed continuously using 
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a noninvasive finger BP monitor (Finapres 2300, Ohrneda, Louisville, CO; 13). Forearm 
blood flow (FBF) (expressed in rnl/lOOrnl/rnin) was determined by venous occlusion 
plethysmography (EC-5R, D.E. Hokanson, Inc, Bellevue, WA; 28). The mercury-in-silastic 
strain gauge was placed around the proximal third of the forearm of the subject. A blood 
pressure cuff was inflated to 45 rnrnHg to occlude venous return. It was held for 10 sec and 
released for 10 sec. FBF was measured every 20 sec. Stroke volume was determined every 
30 sec with impedance cardiography (Minnesota Impedance Cardiography Model 304-B, 
Surcom, Minneapolis, MN). Cardiac output was calculated with commercially available 
software (Microtronic Corp, Chapel Hill, NC) using ensemble R- wave averaging on 25s of 
data acquired in each 30 seconds period to determine HR and regulate the effect of 
respiration on the R-R interval. 
Data collection 
Subjects came to the laboratory for two experimental sessions. The first session 
included the determination of anthropometrics and completion of the questionnaires on 
medical history and physical activity. Subjects were also oriented to the LBNP chamber. 
They were placed supine and sealed in the LBNP chamber. After a 5-rninute resting period, 
subjects were exposed to graded LBNP, beginning at -10 rnrnHg for 2 minutes and 
progressing to -50 rnrnHg in 10 rnrnHg increments of 2 minutes each. This orientation was 
used to ensure that subjects were comfortable and relaxed during the actual experiment. 
The second session consisted of the actual data collection. Before this session, all 
subjects were asked to refrain from performing strenuous exercise for 12 hours, and from 
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consuming caffeine and alcohol-containing beverages for at least 4 hours prior to the LBNP 
protocol. They also were asked to refrain from eating 3 hours before testing. To avoid effects 
from hormonal changes during the menstrual cycle, each woman was scheduled within the 
middle two weeks of her menstrual cycle (days 3-10 with day 1 the first day of menses). 
Following instrumentation, each subject was placed supine in an LBNP chamber, 
sealed at the level of the iliac crests, and supported by a bicycle seat. After a 12-minute 
control period, the internal box pressure was reduced by 10 mmHg every 4 minutes until 
completion of- 100 mmHg LBNP, or the onset of signs and symptoms of presyncope (drop 
in systolic BP~ 15mmHg or sustained SBP < 80 mmHg, nausea, sweating, dizziness, gray-
out), or subject request. 
Negative pressure was induced using a commercially available vacuum with the 
pressure controlled by an adjustable leak using a bleed-off valve. The negative pressure was 
referenced to ambient pressure using a digital pressure transducer (PS 309, V alidyne, 
Northridge, CA). The laboratory was maintained at 22-24 °C during data collection. 
Statistical analysis 
Mean arterial pressure (MAP) was calculated as 1/3 pulse pressure plus diastolic blood 
pressure. Pulse pressure (PP) was calculated as the diastolic blood pressure subtracted from 
the systolic blood pressure. Cardiac index (CI) and stoke index (SI) were expressed as 
CO/BSA and SV/BSA, respectively. Forearm vascular conductance (FVC) was determined 
as FBF/MAP. Total peripheral conductance (TPC) was calculated as CO/MAP. Orthostatic 
tolerance was quantified using the LBNP tolerance index (LTI), which is calculated by 
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summing the product of duration of each stage and the change in negative pressure from the 
last stage (Lightfoot and Tsingiras, 1995). 
Mean data for all measurements were recorded during the last 2 min of each stage of 
LBNP. These data and physical factors (height, weight, BMI, BSA, body fat percent, and 
Vo2max), as well as gender, were used as independent variables to predict LTI using least 
squares linear regression analysis. In addition, the maximal and early change of HR ( cHR 
and cHRe, respectively), PVC (cPVC and cPVCe, respectively) , and TPC (cTPC and cTPCe, 
respectively) were also calculated to assess the effects of the maximal and early change of 
cardiovascular responses on LBNP tolerance. Also , the maximal change in PP and SI (cPP 
and cSI, respectively) were considered as independent variables. The maximal change in 
cardiovascular responses was the difference between baseline and presyncope data. The early 
change of cardiovascular responses was based on the difference between rest and LBNP -40 
mmHg. 
In the analysis of cardiovascular responses to LBNP, data were presented for the 
LBNP levels (from rest to -40 mmHg) for all subjects, the last completed stage (LF) and 
the final two minutes of LBNP (el and e2, respectively) for subjects who became 
presyncoped. Gender differences in LTI and the cardiovascular responses (Cl, SI, HR, PVC, 
TPC, SBP. DBP and MAP) to LBNP were assessed using two-way (gender-by-LBNP) 
repeated measures ANOV A Significance was accepted at p< 0.05. Data were expressed as 
mean± SE. 
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CHAPTER 4: RESULTS 
Subject physical characteristics 
Forty-six healthy Iowa State University students (24 women and 22 men) participated 
in this study. Subjects ranged from 19-29 years in age, from 42.2 to 99.4 kg in weight, and 
from 153.6 to 194.6 cm in height. The estimated Vo2max of subjects varied from 27.7 to 62.3 
ml/Kg/min. Body weight, height, and estimated Vo2 max were lower in women participants; % 
body fat was lower in men (Table 1). 
Tolerance to LBNP 
LBNP tolerance index ranged from 180 to 400 mmHg•min for all subjects (Table 2). 
Eleven of 24 female subjects failed to complete - 60 mmHg while 3 of 22 males failed to 
finish - 60 mmHg. Seven male subjects tolerated - 100 mmHg, but only one female did. 
Women had a significantly lower LBNP tolerance index than men (LTI, 276.3 ± 12.1 vs 
337.2 ± 13.7 mmHg•min, respectively, p< 0.001). 
Relationships between physical and physiological 
factors and LBNP tolerance 
Due to correlations with each other, only 12 physiological and 4 physical variables 
were considered as independent variables in developing a prediction model. Table 2 presents 
descriptive statistics for the 16 independent variables and LBNP tolerance (LTI). All 16 
variables demonstrated wide variation across the 46 subjects. Table 3 provides partial 
regression correlations of each of the 16 independent variables plus gender with LTI. Among 
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them, cHR, cTPC, and gender showed moderately high correlations with LTI (0.72, 0.52, and 
0.45, respectively) . 
The stepwise method was employed to develop a multiple regression model with alpha 
levels for entry and retention into the stepwise model of 0.10 and 0.05 respectively. Based on 
the results of the stepwise regression, a reduced four-variable model was developed. While 
cTPC had a high correlation with LTI, resting TPC rather than cTPC was selected into the 
prediction model together with three other variables --- gender, cHR, and cHRe. All 
intercorrelations among these four independent variables were small ( <0.18). The 
prediction equation is LTI = 137.40 + 36.13 gender+ 746.90 TPC -2.87 cHRe + 2.67cHR 
accounting for 75% variability of data. 
Table 4 presents the parameter estimates for this reduced four-variable model. All 
these estimates are different from zero (p<0.05). Standardized regression coefficients in 
Table 4 reflect the relative weight of each independent variable in the regression equation. 
So, cHR was given the highest weight. The signs of the regression estimates indicate that 
resting total peripheral conductance and maximal change in HR are positively related to 
LBNP tolerance while the early change in HR has a negative coefficient. From this equation, 
men have 36.13 units greater LTI than women with the other three variables are fixed. 
When gender was not considered as an independent variable, a reduced four-variable 
model was developed with pulse pressure (PP) instead of gender. The parameter estimates 
are given in Table 5. The prediction equation is LTI = 82.68 + 1.35PP + 697.74 TPC -3.10 
cHRe + 2.78cHR, which explains 72% variation of data. All variables except cHRe are 
positively related to LTI. 
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Cardiovascular Responses to LBNP in men and women 
Table 6 provides cardiovascular measurements grouped by gender. Men had higher 
SBP, MAP and PP than women at baseline. All cardiovascular responses to LBNP were 
similar between men and women except for cTPC and cPP, which was greater in men than 
women (p=0.031, p=0.008, respectively). 
HR, SBP, DBP, MAP, CI, SI, FVC, and TPC responses to graded LBNP from rest to 
presyncope are illustrated in Figl -Fig 4. During early LBNP (0 - -40mmHg LBNP), both 
men and women demonstrated a gradual reduction in CI following a decrease in SI despite 
a compensatory elevation in HR. MAP showed little change due to a result of decreased 
peripheral vascular conductance until the last full stage. There were no distinguishable 
differences between women and men in HR, FVC, CI, SI, and MAP at the point of 
presyncope. 
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Table 1 - Physical data for all subjects (n=46) 
Male (n=22) 
Age (years) 23.1±3.70 
Height (cm) 181.5±7.14 
Weight (Kg) 82.3±10.74 
BMI (Kg/m2) 25.0±3.22 
BSA (m2) 2.03±0.142 
Percent fat ( % ) 13.9±4.95 
Est. V02max (ml /Kg/min) 50.9± 7.54 
Values are means ± SD. 
BMI, body mass index; BSA, body surface area. 
* Significantly different from men (p<0.05). 
Female (n=24) 
22.4±1.59 
165.5±6. 70* 
64.0±12.77* 
23.3±4.33 
1.70±0.166* 
25.0±4.94 * 
43.2± 5.98* 
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Table 2. Descriptive statistics for physiological, physical variables and 
dependent variables (LTI) 
Variable Mean Standard Minimum Maximum 
Deviation 
Height (cm) 173.2 10.61 153.6 194.6 
Weight (Kg) 72.7 14.94 42.2 99.4 
Percent fat (%) 19.7 7.43 6.6 35.1 
Est. V02max 46.9 7.74 27.7 62.3 
(ml /Kg/min) 
HR (bpm) 63.3 8.63 46 82 
pp (mmHg) 54.76 12.13 34 88 
SI (unit) 64.00 11.70 40.28 84.85 
CI (unit) 3.90 0.91 1.31 6.02 
FVC (unit) 0.039 0.013 0.016 0.067 
TPC (unit) 0.09 0.019 0.051 0.130 
cHR (bpm) 40.7 18.05 9 74 
cFVC (unit) 0.019 0.035 0.002 0.240 
cTPC (unit) 0.035 0.016 0.007 0.079 
cHRe (bpm) 8.8 7.19 0 31 
cFVCe (unit) -0.007 0.012 -0.031 0.035 
cTPCe (unit) -0.024 0.014 -0.06 0.01 
cPP (mmHg) 19.02 13.94 0 74 
LTI(mmHg•min) 305.4 68.3 180 400 
HR, resting Heart Rate; PP, Pulse Pressure; CI, Cardiac Output Index; SI, Stroke Volume 
Index; FVC, resting Forearm Vascular Conductance; TPC, resting Total Peripheral 
Conductance; cHR, maximal change of HR; cFVC, maximal change of FVC; cTPC, maximal 
change of TPC; cHRe, early change of HR; cFVCe, early change of FVC; cTPC, early 
change ofTPC; cPP, maximal change of PP; LTI, LBNP Tolerance Index. 
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Table 3. Partial coefficients between independent variables and LTI 
Variable r p 
cHR 0.715 <0.0001 
cTPC 0.519 0.0002 
Gender 0.451 0.0017 
Height 0.351 0.0168 
pp 0.350 0.0170 
cSI 0.340 0.0190 
Percent fat -0.298 0.0445 
V02max 0.257 0.0851 
cHRe -0.253 0.0902 
Weight 0.226 0.1317 
TPC 0.225 0.1328 
HR -0.150 0.3211 
cFVC 0.114 0.4517 
cPP -0.114 0.4495 
cTPCe -0.104 0.4927 
cFVCe 0.065 0.6667 
SI 0.028 0.8520 
HR, resting Heart Rate; PP, Pulse Pressure; SI, Stroke Volume Index; FVC, resting Forearm 
Vascular Conductance; TPC, resting Total Peripheral Conductance; cHR, maximal change 
of HR; cFVC, maximal change of FVC; cTPC, maximal change of TPC; cHRe, early 
change of HR; cFVCe, early change of FVC; cTPC, early change of TPC; cPP, maximal 
change of PP; cSI, maximal change of SI; LTI, LBNP Tolerance Index. 
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Table 4. Regression coefficients for reduced 
four variable model 
Variable coefficient p std. coefficient 
Intercept 137.40 < 0.0001 0 
Gender 36.13 0.0023 0.267 
TPC 746.90 0.0152 0.205 
cHRe - 2.87 0.0006 0.302 
cHR 2.67 < 0.0001 0.706 
Gender =1 for male, 0 for female. 
TPC, resting Total Peripheral Conductance; cHR, maximal change in HR; cHRe, early 
change in HR. 
Variable 
Intercept 
pp 
cHRe 
cHR 
TPC 
Table 5. Regression coefficients for reduced four 
variable model (without gender) 
coefficient p std. coefficient 
82.68 0.0224 0 
1.35 0.0006 0.311 
- 3.10 0.0003 0.353 
2.78 < 0.0001 0.721 
697.74 0.0289 0.173 
PP, Pulse pressure; cTPC, maximal change in Total Peripheral Conductance; cHR, maximal 
change in HR; cHRe, early change in HR 
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Table 6. Comparisons of hemodynamic responses to LBNP and 
orthostatic tolerance between men and women 
Variable Men (n=22) Women (n=24) F p 
HR (bpm) 61.9 ± 8.9 64.6 ± 8.8 0.384 0.534 
SBP (mmHg) 127.4 ± 11.0 110.1 ±9.4 19.45 <0.0001 
DBP (mmHg) 64.0 ± 9.1 63.6 ± 7.2 0.032 0.860 
MAP (mmHg) 86.6 ± 7.8 80.4 ± 8.7 4.54 0.034 
SI (unit) 63.8 ± 7.7 64.2 ± 8.4 0.01 0.9221 
pp (mmHg) 64.1±2.4 46.3 ± 1.5 53.54 <0.0001 
FVC (unit) 0.039 ± 0.014 0.038 ± 0.013 0.144 0.704 
TPC (unit) 0.094 ± 0.020 0.088 ± 0.017 1.44 0.231 
cHRe (bpm) 7.7 ± 8.6 9.9 ± 5.6 1.07 0.307 
cFVCe (unit) 0.006 ± 0.014 0.008 ± 0.009 0.26 0.613 
cTPCe (unit) 0.026 ± 0.014 0.023 ± 0.015 0.23 0.633 
cHR (bpm) 43.4 ± 19.7 38.4 ± 16.4 0.87 0.355 
cFVC (unit) 0.025 ± 0.048 0.014 ± 0.019 1.27 0.267 
cTPC (unit) 0.041 ± 0.019 0.029 ± 0.012 4.96 0.031 
cSI (unit) 41.9±3.1 38.2 ± 0.8 0.97 0.330 
cPP (mmHg) 24.6 ± 0.8 13.9 ± 0.6 7.74 0.008 
LTI(mmHg•min) 337.2 ± 13.7 276.3 ± 12.1 11.8 <0.001 
HR, resting Heart Rate; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; MAP, 
Mean Arterial Pressure; SI, Stroke Volume Index; FVC, resting Forearm Vascular 
Conductance; TPC, resting Total Peripheral Conductance; cHR, maximal change of HR; 
cFVC, maximal change of FVC; cTPC, maximal change of TPC; cHRe, early change of HR; 
cFVCe, early change of FVC; cTPC, early change ofTPC. cPP, maximal change of PP; cSI, 
maximal change of SI; LTI, LBNP Tolerance Index 
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CHAPTER 5: DISCUSSION 
The gender difference in orthostatic tolerance has been explored previously. While 
physiological factors contribute to this gender difference, physical factors have been 
appreciated recently. It has been suggested that physical factors (height and blood volume) 
rather than physiological factors contribute to orthostatic tolerance (Ludwig, 1994). Also, 
recent research has suggested that the gender difference in orthostatic tolerance was partly 
due to differences in body size rather than differences in cardiovascular reflexes (Lee et al. , 
1999). However, the few studies available fail to provide a comprehensive understanding 
of if and how physical factors affect orthostatic tolerance. Furthermore, the limitation of 
sample size (only 14 male subjects and no females in Ludwig's study) and LBNP protocol 
(all subjects in Lee's study only finished -60 mmHg) in these two studies limits the 
validity of their conclusions. Therefore, the main purpose of this study was to further 
explore the effect of physical factors on orthostatic tolerance with and without 
consideration of gender. 
The unique aspect of this study is that a model was developed to predict orthostatic 
tolerance with some physiological and physical variables. While this analysis does not give a 
cause - effect conclusion (this is an observational study), it does indicate some relationship 
between these variables and LBNP tolerance. Many researchers have associated both 
physiological and physical factors to orthostatic tolerance. Consequently, measurements 
employed in this analysis included anthropometric data, an estimate of physical activity, 
resting cardiovascular data, as well as the maximal change of hemodynamic responses during 
LBNP. The change of hemodynamic responses during the first four LBNP levels (up to -
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40mmHg) was considered in the analysis to assess the relationship between early change of 
cardiovascular responses and LBNP tolerance. In addition, gender, as an important 
predictor, was included in the model when we evaluate effects of all independent variables 
on LBNP tolerance within same gender group. 
A major finding of this study is that body size does not have a significant effect on 
LBNP tolerance. LBNP tolerance is related to individual cardiovascular responses. When a 
stepwise linear regression analysis was performed to determine predictors of LBNP 
tolerance, four variables entered the prediction model --- gender, cHR (maximal change of 
HR), cHRe (early change of HR), and TPC (resting TPC). This model indicates that after 
accounting for gender, LBNP tolerance is also associated with the maximal and early change 
of HR and resting TPC. From this model, the early change in HR has an inverse relationship 
with LBNP tolerance, i.e. the more change of early HR one gets, the less LBNP tolerant he 
(she) is. Also, LBNP tolerance increases as resting TPC and maximal change in HR increase. 
These cardiovascular effects are not explained by a gender difference. 
Without accounting for gender, pulse pressure (PP) entered the final model, together 
with cHR, cHRe, and TPC. It indicates that LBNP tolerance increases as resting PP, TPC and 
maximal change in HR increase, and decreases as the early change in HR increases in general 
population. The effects of PP on LTI are explained by the gender difference in the previous 
model. 
Vasoconstrictive reserve has been considered to be associated with LBNP tolerance 
(Convertino, 1998). In the current study, the maximal change in TPC (cTPC) that is 
considered as vasoconstrictive reserve, showed a close relationship with LTI (r=0.519). cTPC 
was not included into the first final model due to its correlation with gender (r=0.45) and did 
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not enter the second model because of its high relationship with TPC (r=0.93). However, our 
study did not show that the early change of TPC is associated with LBNP tolerance, which is 
inconsistent with the suggestion that a greater elicitation of maximal vasoconstrictive reserve 
at low LBNP may be responsible for the low LBNP tolerance (Convertino, 1998). In 
addition, our study demonstrated that HR reserve (cHR) and the rate of its elicitation (cHRe) 
are associated with LBNP tolerance. It appears that low LBNP tolerance is due to low HR 
reserve and a greater release of HR reserve during early LBNP. Therefore, it leads us to 
conclude that the difference in LBNP tolerance was determined by the capacity of 
cardiovascular reflexes (both HR and vasoconstrictive reserve) and the rate of HR release 
during early LBNP. 
In addition, an improved prediction model was found after some transformation on 
independent variables. It is: LTI = 199.4 + 29.2 gender+ 233.4 TPC•cHRe112•cHR112 -36.2 
cHRe112 + 25.3cHR112 accounting for 79.44% variability of data. Statistically, this model 
indicates that the relationship between cHR, cHRe and L TI can be better explained by 
curvilinear regression than by linear regression. A physiological explanation is that a higher 
HR allows less filling time and therefore leads to decreased end diastolic volume. Thus when 
HR increases over a 'threshold', it does not help orthostatic tolerance any more. In addition, 
the maximal LBNP tolerance index in this study is restricted to 400 mmHg•min, which led to 
a plateau in the plot of independent variables vs L TI. 
A surprising finding in our study is that no physical variables, including physical 
activity, entered this prediction model with and without consideration of gender. Moreover, 
no specific tendency between all physical factors and L TI was found in partial regression 
plot. It appears that LBNP tolerance is not associated with body size and physical activity 
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either in the same gender group or general population. It is noteworthy that the range in % 
body fat of our subjects was not wide (obese subjects were excluded from this study). Thus it 
is difficult to assess the relationship between body fat percent and LBNP tolerance from this 
model. However, with a wide variety of other physical variables, this analysis does provide a 
valid conclusion that no physical factors relate to LBNP tolerance. This finding contrasts 
with previous studies, where height was thought to relate inversely to LBNP tolerance 
(Ludwig, 1987&1994). Height was also considered as a predictor of LBNP tolerance 
(Ludwig, 1994). However, only 14 male subjects participated in Ludwig's study. The linear 
relationship between height and LBNP tolerance was restricted to a narrow range of height 
(from 173 to 180.5 cm) and it was not evident at the ends of the height distribution (mean 
height 181.0 cm). No women were included in that study, and data relating to height and 
LBNP tolerance in shorter people were minimal. In our study, most male subj~cts were taller 
than 180 cm (mean 181.5 cm), and most female subiects were shorter than 173 cm (mean 
165.5 cm). So most of our subjects were not in this 'linear range' , which might be the reason 
for the disparity between our results and those of Ludwig's study. A much larger sample size 
is needed to confirm if an effect of height on LBNP orthostatic tolerance is absent only at 
both extremes of height distribution or if height truly has no effect on LBNP tolerance. 
Theoretically, since LBNP eliminates gravitational influence, height should not affect 
orthostatic tolerance as it does in tilt and standing tests. A Meta study with a larger sample 
size of 119 (86 males and 33 females) also demonstrated that neither height nor weight was 
related to LBNP tolerance (Lightfoot, 1995). 
As to consideration of gender, our study confirms that men have greater orthostatic 
tolerance than women (P<0.001). Also, our study supports some previous findings. While 
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there were significant differences in physical characteristics, both genders showed similar 
responses to submaximal LBNP (Figl-4). Similar cardiovascular responses were also 
observed at presyncope in both genders (Figl-4). 
Arterial blood pressure is maintained by peripheral vasoconstriction, compensatory 
changes in HR, or a combination of these two factors during LBNP (Abboud et al., 1983). It 
has been hypothesized that women first respond to orthostatic stress by vagal withdrawal, 
while men first respond with an increased sympathetically-mediated vascular response. Both 
genders in the present study showed similar responses in HR and TPC to LBNP up to -40 
mmHg. There were no significant gender differences in HR either at baseline or throughout 
the LBNP (Figl). This is different from previous findings that women have a higher resting 
HR than men and this higher HR in women accounted for a gender difference in orthostatic 
stress (Frey et al., 1986). Likewise, no significant differences in TPC and FVC between men 
and women were found at rest or LBNP to -40 mmHg in the current study. It appears that 
men and women maintain blood pressure using similar physiological mechanisms during 
early LBNP. Thus men and women do not differ in their cardiovascular responses to low 
LBNP (Rahman, 1991). There was no significant gender differences in HR at baseline or at 
presyncope in our study (p>0.05), which indicates that women have similar HR reserve to 
men. However, due to a smaller SV, women may have significantly reduced capacity to 
support adequate CO by increasing HR mechanism during LBNP (Convertino, 1998). 
The capacity to decrease total peripheral conductance represents an important 
mechanism for buffering against hypotension during orthostatic stress. While the women in 
our study showed similar vasoconstrictive responses as men during early LBNP, they 
experienced a lesser decrease in TPC than men as LBNP became greater (p=0.03). In 
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addition, from two prediction models, it indicates that the effects of gender on LTI in the first 
model are explained partly by the effect of PP in second model. The fact that partial R square 
for gender in the first model is bigger than that of PP in second model indicates that some 
other factors related to gender contribute to the gender effect on LTI, such as cTPC. So, less 
PP in women compared to men may contribute, at least in part, to the gender difference in 
LBNP tolerance. Pulse pressure reflects the balance between systolic and diastolic pressure, 
which could provide some information on cardiovascular status (CO and TPC). So, it is most 
likely that the gender difference in LTI is due to physiological factors. So far, no study has 
been reported on the effect of PP on LBNP tolerance. 
In summary, we found that physical factors have no effect on LBNP tolerance. Besides 
gender, LBNP tolerance is also associated with individual vascular tension (TPC), capacity 
of cardiovascular reflexes (HR) and the releasing rate of HR reserve. Men and women have 
similar cardiovascular reflex responses during early levels of LBNP. Women showed a 
similar HR reserve to men. However, women have lesser vasoconstrictive reserve and lower 
pulse pressure than men, which may contribute to the gender difference in LBNP tolerance. 
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